Abstract. The determination of CKM matrix elements in the b-sector is discussed, emphasizing the new measurements of |V ub | and |V cb | by the CLEO collaboration.
20% with a result of |V td V * tb | = (8.3 ± 1.6) x 10 −3 . The measurements of V ub and V cb presented below are done with the CLEO detector. The full CLEO II and CLEO II.V data samples containing 9.7 x 10 6 BB events are used for all but the exclusive V ub analysis, which uses 3.3 x 10 6 BB from CLEO II data only.
EXCLUSIVE V ub AND V cb MEASUREMENTS
The determination of of CKM matrix elements from exclusive semileptonic decays requires the knowledge of the semileptonic form factor that encapsulates the hadronic physics between the outgoing quarks.
The extraction of V ub from B→ ρlν and B→ πlν decays is difficult because of the small decay branching fractions and because it requires neutrino reconstruction. Using only CLEO II data results in a statistical error of only 4%. The largest error contribution comes from the form-factor model uncertainty of 17%. The best measurement currently is: V ub = (3.25 ± 0.30 stat+syst ± 0.55 theory ) x 10 −3 [8] .
Extracted from B→D * lν decays, V cb can be determined more accurately since the semileptonic form factor for D * at rest F(1) can be calculated to 4.6% using heavy quark effective theory (HQET). The analysis therefore measures the decay width in 10 bins:
with w = v BvD * = the D * boost in the B rest frame separately for charged and neutral B decays. In each case 10 w bins are fitted for B→D * lν, B→D * * lν, and several background hypotheses. The efficiency corrected F(w)|V cb | distribution shown in figure 1 is then fit to 1-ρ 2 and extrapolated to w = 1 with results of ρ = 1.51 ± 0.09 ± 0.21 and F(w)|V cb | = (42.2 ± 1.3 ± 1.8) x 10 −3 . The LEP experiments have a combined result [9] using a similar technique of 35.6 ± 1.7,1 which is about 7% consistent with the CLEO result.
DETERMINATION OF HQET PARAMETERS
HQET parameters extracted from b→ sγ decays and B→ X c lν hadronic mass moments can be used to reduce the uncertainty in the theoretical prediction of the factor that relates the semileptonic decay width to the square of the CKM matrix element. Inclusive observables can be written as double expansions in powers of α s and
. We use an expansion in the pole mass [10] . The expansion parameters
) have to be determined experimentally.
The rare radiative penguin decay b→sγ is interesting because it is sensitive to physics beyond the SM (charged Higgs, ...). The newest CLEO analysis takes the whole E γ spectrum from 2.0 to 2.7 GeV into account, which leads to small model dependencies. Since the background from continuum photons is two orders of magnitude larger than the signal, a large fraction of off resonance data is the key to this analysis. The BB background was estimated from Monte Carlo. From the spectrum shown in figure 1, one extracts the following quantities [11] : B(B →sγ) = (3.19 ± 0.43 ± 0.27) x 10 −4 , E γ = 2.346 ± 0.032 ± 0.011 GeV, and (E γ − E γ ) 2 = 0.0226 ± 0.0066 ± 0.0020 GeV 2 .
The hadronic mass moments are extracted from a fit to theM 2 
INCLUSIVE V ub AND V cb MEASUREMENTS
Inclusive measurements assume quark-hadron duality, for which there is no consensus on the uncertainty. Using the heavy quark expansion one extracts |V cb | = (40.4 ± 0.9 Γ exp ± 0.5 (Λ,λ 1 ) exp ± 0.8 1/M 3 B ) x 10 −3 [12] . It is important to note, that the same MS renormalization scheme and the same order were used for determination of the HQET parameter and the extraction of V cb . A check with a different scheme would be desirable.
V ub is extracted from the inclusive lepton momentum spectrum in the endpoint region between 2.2 and 2.6 GeV for the semileptonic decay channel B→ X u lν (see figure 2) . The estimation of the fraction of b→u transitions in the chosen endpoint region relies on theoretical calculations that have serious model dependencies. Assuming that the effects of the b quark motion are the same for all "massless" partons, one can use the B→sγ shape parameters to reduce the uncertainty in this fraction to 25% in the current analysis. After continuum and background suppression the B→ X c lν yield is subtracted and one extracts |V ub | = (4.09 ± 0.14 ± 0.66) x 10 −3 . 
CONCLUSIONS
New inclusive measurements of V cb and V ub with an accuracy of 3.2% and 17%, respectively, were made possible by the usage of HQET parameters gained from b→sγ and B→ X c lν hadronic mass moment analyses. Exclusive measurements, however, need accurate lattice QCD calculations of the semileptonic form factors. With new techniques and a validation from data planned to be taken with the CLEO-c experiment such results can be expected within a few years; see the talk "Exploring the Charm Sector with CLEO-c" in these proceedings. Together with the expected sin(2β) measurement improvements, the precise measurements of the CKM matrix will test its unitarity and the verity of the SM.
